Abstract
INTRODUCTION
Sesame (Sesamum indicum L.) is a diploid species with 2x = 2n = 26 chromosomes. It is a self pollinated crop, belongs to the Pedaliaceae family, containing 60 species organized into 16 genera (Ashri 1998; Zhang et al., 2013) . The genus Sesamum comprises of 36 species (Kobayashi, 1981) . Sesamum indicum L. is the most commonly cultivated species (Nayar and Mehra, 1970) . It is the oldest oilseed crop known to man and is now grown in many parts of the world (Bedigian and Harlan, 1986) ; and it is currently grown in more than 50 countries in the world. India ranks first in production and one third of the world production and nearly 30% of the sesame acreage in the world is from India. Sesame is a small farmers' crop in the developing countries and it is grown in the small plots (Gulhan et al., 2004) .
Sesame is adapted in tropical to the temperate zones from about 40° N to 40° S latitude. It grows best on the areas between an altitude of 500 and 800 masl and it can grow even up to 1250 masl on well drained soils of moderate fertility. It is an annual occasionally perennial crop. It needs a growing period of 70 to 150 days; usually 100 to 120 days. The optimum pH for growth ranges from 5.4 to 6.7. Good drainage is crucial, as sesame is very susceptible to short periods of water logging. It is intolerant of very acidic or saline soils. The optimum temperature for growth varies with cultivar in the range 27 to 35 °C. Periods of high temperature above 40°C during flowering reduce number of capsule and seed development. It requires from 600 to 1000 mm amount of water (Nath et al., 2000) .
Sesame seed is used for confectionery purpose and an important source of edible oil and is also widely used as a spice. The seed contains 50 to 60% oil which has excellent stability due to the presence of natural antioxidants such as sesamolin, sesamin and sesamol (Brar and Ahuja, 1979) .The fatty acid composition of sesame oil varies considerably among the different cultivars worldwide (Yermanos et al., 1972) . In addition, it is used as pharmaceutical and skin care products and as a synergist for insecticides (Salunkhe and Desai, 1986) .
Original Research
Generally 100 % of the world production area is found in developing countries with largest area in India, Myanmar, China, Nigeria, and Uganda (FAO, 1995) . Total world production of sesame in 2005 was in 9.35 million hectare with 3.7 million metric tons, 70% of which was produced in Asia and 26 % in Africa (FAO, 2005) . Sesame is a valuable crop for Ethiopia both for local uses and export market. Ethiopia is the 7 th major sesame producing country in the world and has an export share of 5.1%. There are around 21 countries that are major importers of sesame from Ethiopia. In 1999, Ethiopia exported about 30,000 tons of sesame worth 28 million USD. The total area under sesame in Ethiopia is estimated at 384,682.79 hectare and production is about 327,740.922 tones and productivity is about 0.852 ton/ha (CSA, 2011) .
The average productivity of sesame is low as compared to other oilseeds due to the lack of high yielding cultivars, resistant to major insect pests and diseases and shattering problem. Since sesame has been treated as less input intensive crop, the role of breeding improved varieties has been considered as promising approach (Ashri, 1988) . But there is a potential harvest reported elsewhere, as of 3.6 t/ha in Nigeria (Uzo and Ojiake, 1981) . Like other crops, productivity and associated increase in production of sesame could be achieved through development of improved varieties which have less shattering problem with better cultural practices. Selection of germplasms for desirable traits needs thorough studies about the manner of traits interrelationships and divergence among the populations. Selection is an integral part of breeding program by which genotypes with high productivity in a given environment are selected. However, selection for high yield is made difficult by the complex nature of this trait (Singh and Singh, 1973; Sastri, 1974) ; it is highly influenced by environment, which reduces the progress to be achieved through direct selection. In such cases, indirect selection techniques are more promising to improve the economic trait. This selection criterion takes into account the information on interrelationship among agronomic characters, their relationship with grain yield as well as their direct influence on grain yield (Dewey and Lu, 1959) . In addition, knowledge on the extent and pattern of genetic divergence present in a population is absolutely essential for further improvement of the crop. Hence the objectives of the study were to estimate the magnitude of interrelationships among yield and yield related traits of sesame genotypes; and to estimate the extent of genetic divergence among sesame accessions.
MATERIALS AND METHODS

Experimental Site
The experiment was carried out at Jima Arjo district, Eastern Wollega Zone of Oromia Regional State, Western Ethiopia during 2013 cropping season. Jima Arjo district is 378 km to the west of Addis Ababa and 48 km away from the Nekemte town. The area is located at an altitudinal ranges from 1200-1816 masl. The area receives an average annual rainfall that ranges from 824-2616 mm. The average annual temperature ranges from 18-26 0 C (Source: Jima Arjo Agricultural Office).
Experimental Materials and Design
The experimental material consisted of 64 sesame genotypes that were collected from the Institute of Biodiversity Conservation (IBC) ( Table 1 ). The trial was laid out in 8x 8 simple lattice design. Seeds of each genotype was sown in rows by hand on a separate plot size of 6.4m 2 (4 rows x 4m row length x 40cm between rows and 10cm between plants with in rows). Other cultural practices were followed as recommended for the area and no fertilizer was applied.
Data Collection
Data were collected for days to 50% flowering, days to 90 % maturity, capsule filling period, plant height, number of branches per plant, number of primary branches per plant, number of capsules per plant, thousand seed weight, biomass yield, seed yield, harvest index, and seed color.
Data Analysis Correlation Analysis
Estimation of the phenotypic and genotypic correlation coefficients were computed following the procedures suggested by Miller et al. (1958) and adopted by Dabholkar (1992) from corresponding variance and covariance components. The significance of phenotypic correlation coefficients was tested by the formula of Singh and Chaudhary (1985) ; whereas the significance of genotypic correlation coefficient is tested using the formula described by Robertson (1959) .
Path Coefficient Analysis
In path coefficient analysis, direct and indirect effects of the independent characters on dependent character (seed yield) was estimated following the procedures of Dewey and Lu (1959) .
Genetic Divergence Analysis
Genetic divergence analysis was computed based on multivariate analysis using Mahalanobis's D 2 statistic (Mahalanobis, 1936) = the inverse of pooled variance covariance matrix. Based on the squared distances (D 2 ) values, clustering of genotypes was done using Tocher's method as described by Singh and Chaudhary (1999) .
Principal Component Analysis
Principal component analysis (PCA) was used to find out the characters, which accounted more to the total variation. The data were standardized to mean zero and variance of one before computing principal component analysis. Principal components based on correlation matrix were calculated using SAS software.
RESULTS
Correlations among Agronomic Traits
Estimates of phenotypic and genotypic correlation coefficients between each pair of characters are presented in Table 2 . The magnitudes of genotypic correlation coefficients for most of the characters were higher than their corresponding phenotypic correlation coefficients, except in few cases, which indicate the presence of inherent or genetic association among various characters. Seed yield showed positive and significant correlations with DF, DM, PB, BPP, CPP, TSW and HI at both genotypic and phenotypic levels and significant and positive correlation with CFP at genotypic level. Therefore, from the correlation analysis it can be confirmed that DF, DM, CFP, PB, BPP, CPP, TSW and HI were found to be important yield related traits. Most phenologic and vegetative characters showed positive and significant correlations among themselves. Similarly, yield components also showed in most cases positive and significant correlations among each other at genotypic and phenotypic levels. Number of branches per plant exhibited positive and significant genotypic and phenotypic correlations with DF, DM, PB, TSW; and HI at both genotypic and phenotypic levels; and it had significant and positive correlation with CFP, and PH, at genotypic level.
Number of capsule per plant had positive and significant genotypic and phenotypic correlations with CFP, PH, PB and TSW; and it had positive and significant correlation with days to 50 % flowering, at genotypic level only. Biomass yield had positive and significant genotypic and phenotypic correlations with days to 50 % flowering, days to 90 % maturity, and plant height while it had negative and significant correlation with harvest index. These indicate that these traits can be improved simultaneously through selection except for harvest index. Thousand seed weight had significant and positive genotypic and phenotypic correlations with capsule filling period, plant height and number of branches per plant, number of primary branches per plant; and it had positive and significant correlations with harvest index at genotypic level only. Generally, positive and significant association of pairs of characters at phenotypic and genotypic level justified the possibility of correlated response to selection. 
Path Coefficient Analysis
In the present study, based on their correlation coefficients, 10 independent variables that have direct relationship with seed yield were included in the path analysis. The phenotypic and genotypic correlations were partitioned in to direct and indirect effects using seed yield as a dependent variable separately. The genotypic direct and indirect effects of different characters on seed yield are presented in Table 3 . Positive and high direct effect was exerted by DM, CFP, BPB, and HI on seed yield while negative and high direct effect was exerted by DF, NPB and CPP. The high significant correlation coefficient between seed yield and DF was due to its high indirect effects through DM and CFP on seed yield. The high positive correlation coefficient between seed yield and CPP was due the large indirect effects of CFP and HI. Similarly, DM, CFP and HI had high positive direct effects on seed yield and also they have strong correlation with seed yield indicating the most important yield components at genotypic level. The residual effect 8.74% indicates that characters which are included in the genotypic path analysis explained 91.26 % of the total variation in seed yield.
Positive and high direct effects on seed yield were observed at phenotypic level by CFP, PH, NPB, BY and HI while negative and high direct effect on seed yield were observed by DF, DM BPP, CPP, and TSW (Table 4) . The positive and significant correlation coefficients of DF and DM with SY were due to the positive indirect effects of CFP, PH, NPB, BY and HI through DF on SY. Similarly, CFP, NPB, and HI had strong positive correlation as well positive direct effects on SY indicating they are more importantly related to SY at phenotypic level. The residual effect determines unaccounted variability of the dependent factor (seed yield). It′s magnitude 3.4 % indicated that the characters included in the path analysis explained 96.6% of the phenotypic variation in seed yield. 
Genetic Divergence Analysis
Description of germplasm collection for agronomical useful characters is important prerequisite for effective and efficient utilization of germplasm collection in breeding program. Significant differences among varieties for all or majority of the characters would justify further calculation of D 2 (Sharma, 1998) . The D 2 values based on the pooled mean of genotypes resulted in classifying the 64 genotypes in to four distinct clusters (Figure 1 ). Cluster II were the largest clusters (45.31%) containing 29 genotypes followed by Cluster I (26.56%) which had 17 genotypes, then Cluster III that had 15 (23.44%) genotypes and finally cluster IV (4.68%) with 3 genotypes which had outstanding performance than any other genotypes in other clusters. 
Cluster Mean Analysis
The mean value of the 11 quantitative characters in each cluster is presented in Table 5 . Cluster I consisted of fifteen genotypes having the characteristic of late flowering, late maturing, longer period of days to fill the capsule, lowest biomass and higher harvest index. Cluster II consisted of 3 genotypes. This cluster could be characterized by longer PH, higher NPB, BPP, TSW, BY, SY and HI. Cluster III consisted of 17 genotypes characterized by longer CFP, CPP, lowest for BY and HI. Cluster IV had 29 genotypes which are characterized by the following features: Highest in PH, lowest in SY and HI. 
Estimation of Intra and Inter-Cluster Square Distances
The average intra-and inter-cluster D 2 values are presented in Table 6 . Maximum average intra cluster D 2 was obtained in cluster III followed by cluster I. The lowest D 2 was recorded in cluster II, which shows the presence of less genetic variability or diversity within this cluster. The x 2 -test for the four clusters indicated that there was a statistically significant difference between pairs of clusters except cluster III with IV. The highest average inter-cluster D 2 value was recorded between cluster I and cluster II followed by cluster I and cluster III and cluster I and cluster IV which had shown these clusters were genetically more divergent from each other than any other clusters.
Minimum inter-cluster distance was observed between cluster III and cluster IV indicating that genotypes in these clusters were not genetically diverse or there was little genetic diversity between these clusters. This signifies that, crossing of genotypes from these two clusters might not give higher hetrotic value in F1 and narrow range of variability in the segregating F2 population. Maximum genetic recombination is expected from the hybridization of the parents selected from divergent cluster groups. Therefore, maximum recombination and segregation of the progenies is expected from crosses involving parents selected from cluster II and IV followed by I and cluster III; however the breeder must specify his/her objectives in order to make best use of the characters where the characters are divergent.
Principal Component Analysis
The principal component analysis (Table 7) revealed that four principal components PC1, PC2, PC3, and PC4 with eigen values 3.36, 2.94, 1.68,and 1.28, respectively, have accounted for 66% of the total variation. The first two principal components PC1 and PC2 with values of 24 % and 21 %, respectively, contributed more to the total variation. Therefore, in this study, differentiation of the genotypes into different cluster was because of a cumulative effect of a number of characters rather than the contribution of specific few characters. Agronomic characters having relatively higher value in the first principal component (PC1) were number of branch per plant, seed and biomass yield, harvest index and thousand seed weight had more contribution to the total diversity and they were responsible for the differentiation of the genotypes. Characters like capsule filling period, thousand seed weight and biomass yield per plot had contributed a lot for principal component (PC2); number of branches per plant , days to maturity and capsule filling period had contributed in the third principal component (PC3); days to 50 % flowering, days to maturity, harvest index ,number of capsule filling period, seed yield and number of capsules per plant in the fourth principal component (PC4); were the major contributors to each principal components (PC). 
Quality Characteristics of Sesame Genotypes
Seed color is one of the most important quality traits of sesame for its commercial value. There are different color of sesame seed i.e. white, black, brown, red, and grey and others. Five types of colors had been identified in the studied genotypes namely white, black and brown, grey and red with varying frequencies (Figure 2 ). 
DISCUSSION
Seed yield is the result of many yield contributing characters which are interdependent among themselves including seed yield. The analysis of the relationship among these characters and their associations with seed yield is essential to establish selection criteria (Singh et al., 1990) . In the present study the magnitudes of genotypic correlation coefficients for most of the characters were higher than their corresponding phenotypic correlation coefficients, which indicate the presence of inherent or genetic association among various characters. Characters including DF, DM, CFP, PB, BPP, CPP, TSW and HI were found to be strongly associated with seed yield. Number of capsule per plant had positive and significant genotypic and phenotypic correlations with CFP, PH, PB and TSW; and it had positive and significant correlation with days to 50 % flowering, at genotypic level only. Therefore, any improvement of these characters would result in a substantial increment in seed yield. These results are corroborated with the finding of Yirgalem et al. (2013) , who reported that HI was strongly associated with seed yield both at genotypic and phenotypic levels. Similarly, others reported (Sakila et al., 2000; Kathiresan and Gnanamurthy, 2000) that number of capsules per plant, days to 50 % flowering and plant height were positively correlated with seed yield. This means number of capsules increases as the plant height and number of branches per plant increases. Similar results were reported by Reddy and Ramachandraiah (1990) , i.e. number of capsules per plant was positively correlated with number of branches per plant, plant height and days to 50 % flowering. Biomass yield had positive and significant genotypic and phenotypic correlations with days to 50 % flowering, days to 90 % maturity, and plant height while it had negative and significant correlation with harvest index. Higher biomass yield can be obtained as the results of longer vegetative periods. Thousand seed weight had significant and positive genotypic and phenotypic correlations with capsule filling period, plant height and number of branches per plant, number of primary branches per plant; and it had positive and significant correlations with harvest index at genotypic level only. Generally, positive and significant association of pairs of characters at phenotypic and genotypic level justified the possibility of simultaneous improvement of traits through different breeding strategies.
When more characters are involved in correlation study, it becomes difficult to ascertain the characters which really contribute to yield. The path coefficient analysis under such situations helps to determine the direct contribution of these characters and their indirect contributions via other characters. In the present study, positive and high direct effect was exerted on seed yield by DM, CFP, BPB, and HI while negative and high direct effect was exerted by DF, NPB and CPP at genotypic level. The high significant correlation coefficient between seed yield and DF was due to its high indirect effects through DM and CFP on seed yield. The high positive correlation coefficient between seed yield and CPP was due the large indirect effects of CFP and HI. Characters including DM, CFP and HI had high positive direct effects on seed yield and also they had strong correlations with seed yield indicating the most important yield related traits at genotypic level. Positive and high direct effects on seed yield were exerted by CFP, PH, NPB, BY and HI at phenotypic level while negative and high direct effect on seed yield were exerted by DF, DM BPP, CPP, and TSW. The positive and significant correlation coefficients of DF and DM with SY were due to their positive indirect effects through CFP, PH, NPB, BY and HI. The present findings are in agreement with the results of (Yingzhong and Yishou, 2002; Yirgalem et al., 2013) in which days to 50% flowering had negative direct effect while capsule filling period exerted positive direct effect on seed yield. Both CFP, NPB, and HI had strong positive associations as well positive direct effects on SY indicating they are more related than other traits to SY at phenotypic level.
Cluster analysis showed that the 64 sesame genotypes were grouped in to four classes. Cluster I genotypes showed the characteristic of late flowering, late maturity, took longer period to fill the capsules and low harvest index. Cluster II genotypes showed characteristics of longer PH, higer NBP, BPP, TSW, highest SY and BY, and HI. Cluster III genotypes showed characteristics of longer period to fill the capsules, least BY and HI. Cluster IV had 29 genotypes characterized by highest in PH, and lowest in SY and HI.
Maximum average intra cluster D 2 was obtained in cluster III followed by cluster I. The lowest D 2 was recorded in cluster II, which shows the presence of less genetic variability or diversity within this cluster. The highest average inter-cluster D 2 value was recorded between cluster I and cluster II followed by cluster I and cluster III indicating these pairs of clusters were genetically more divergent from each other than other clusters. According to Ghaderi et al. (1984) increasing parental distance implies a great number of contrasting alleles at the desired loci, and then to the extent that these loci recombine in the F2 and F3 generations following a cross of distantly related parents, the greater will be the opportunities for the effective selection for yield factors. Maximum genetic recombination is expected from the hybridization of the parents selected from distant groups. Therefore, maximum recombination and segregation of the progenies is expected from crosses involving parents selected from cluster I and II followed by I and cluster III; however the breeder must specify his/her objectives in order to make best use of the characters where the characters are divergent.
Principal component analysis (PCA) is one of the multivariate statistical techniques which is a powerful tool for investigating and summarizing underlying trends in complex data structures (Legendre and Legendre, 1998) . Principal component analysis reflects the importance of factors majorly contributing to the total variation at each axis for differentiation (Sharma, 1998) . The principal component analysis revealed that four principal components PC1, PC2, PC3, and PC4 have accounted for 66% of the total variation. According to Chahal and Gosal (2002) , characters with largest absolute values closer to unity with in the first principal component influence the clustering more than those with lower absolute values closer to zero. Therefore, in this study, differentiation of the genotypes into different cluster was because of a cumulative effect of a number of characters rather than the contribution of specific few characters. Agronomic characters having relatively higher value in the first principal component (PC1) were number of branch per plant, seed yield, biomass yield, harvest index and thousand kernel weight and they were responsible for the differentiation of the four clusters. Characters like capsule filling period, thousand seed weight and biomass yield per plot had contributed a lot for principal component (PC2). Seed color is one of the most important quality traits of sesame for its commercial value. There are different color of sesame seed i.e. white, black, brown, red, and grey and others. Five types of colors had been identified in the studied genotypes namely white, black and brown, grey and red with varying frequencies; and brown seed color is the dominant one in the genotypes.
CONCLUSION
Seed yield had positive and significant genotypic and phenotypic correlations with all traits except with PH and BY. Therefore, they are important yield related characters and can be used for yield improvement in sesame breeding program. Positive and high direct effects were exerted by DM, CFP, BPB, and HI on seed yield while negative and high direct effects were exerted by DF, NPB and CPP. Characters including DM, CFP and HI had high positive direct effects and strong correlation with seed yield indicating that they are most important yield related traits at genotypic level. Positive and high direct effects on seed yield were observed at phenotypic level by CFP, PH, NPB, BY and HI while negative and high direct effects on seed yield were observed by DF, DM BPP, CPP, and TSW. Traits including CFP, NPB, and HI had strong positive correlations as well positive direct effects on SY indicating they are more related to SY at phenotypic level.
Genetic distance analysis is very important for hybridization program to get better yield and best recombinant parents. The maximum inter cluster square distance (D 2 ) was recorded between cluster I and II followed by cluster I and III. Hence crossing involving parents from cluster I with II and cluster I and III may exhibit high hetrotic values in F1 generation and could give transgressive segregants in proceeding generations. The principal component analysis revealed that four principal components (PC1, PC2, PC3, and PC4) explained or accounted for about 66% of the total variation existed among the genotypes. The dominant seed color observed was brown followed by white in the genotypes. The advantage and relation of color types and association with seed yield and fatty acid components can be investigated in the future in another experiment. This study generally indicated that there was significance genetic variability or divergence among the genotypes. Thus, there is enormous opportunity to go for direct selection as well as crossing of distant parents to improve specific traits in subsequent selections of the sesame genotypes.
